Summary
Introduction
Obesity in childhood and adolescence increases the risk of premature mortality (1) and morbidities such as cardiovascular disease, hypertension, type 2 diabetes, obstructive sleep apnoea (OSA), asthma and depression in adulthood (2-6). The associations often persist even after controlling for adult body mass index (BMI), suggesting that early obesity onset is a predictor for premature mortality and morbidity independent of the duration of obesity. Men and women with obesity generally present with different comorbidities: The prevalence of metabolic syndrome, as well as its individual components (type 2 diabetes, hypertension and dyslipidaemia), OSA and coronary heart disease, is higher among men (7) (8) (9) (10) (11) , while depression is more strongly correlated with obesity in women (12) . However, despite known gender differences, studies examining the associations between early obesity onset and risk of comorbidities in men and women separately are limited. The et al. showed that women who develop obesity in childhood have increased risk of type 2 diabetes than do women who develop obesity in adulthood, but no such association was observed among men (13) . Whether there is a relationship between early obesity onset and risk of comorbidities in adults with severe obesity and whether the associations differ between men and women are not known. Knowledge about these potential relationships may be important for individualized prevention and treatment of obesity-related disorders in clinical practice. The hypotheses of the present study are that early onset of obesity (childhood or adolescence), as compared with obesity onset later in life (adulthood), is associated with higher odds of obesityrelated comorbidities in patients with severe obesity and that the associations are gender specific.
Materials and methods

Study design, setting and population
A total of 4,636 consecutive men and women referred for treatment of severe obesity (BMI ≥ 40.00 kg m À2 or BMI ≥ 35.00 kg m À2 with at least one obesity-related comorbidity) and attending the Morbid Obesity Center at Vestfold Hospital Trust, Norway, during the period from 20 January 2006 until 10 March 2017 were assessed for eligibility. The Morbid Obesity Center is a tertiary care centre providing both specialized medical and surgical obesity treatment to patients with severe obesity. Men and women with incorrect or missing data on time of obesity onset (n = 18) or BMI (n = 35) were excluded, leaving 4,583 men and women to be included in the analysis. A small percentage (2.38%) of the patients had a current BMI between 30.00 and 34.99 kg m À2 . The Regional
Committee for Medical and Health Research Ethics approved the study (S-05175). The participants provided written informed consent, and the study was performed in accordance with the Declaration of Helsinki.
Variables, data sources, measurements and definitions
A detailed medical history on obesity-related comorbidities and data on relevant current medication use were obtained through clinical records and clinical outcome assessments by trained physicians. All anthropometric and blood pressure measurements were performed by trained study personnel. The patients had their weight and height measured wearing light clothing, without shoes; and BMI was subsequently calculated (kg m À2 ).
Waist circumference (WC) was measured with a tape measure midway between the lowest rib margin and the iliac crest. Blood pressure was measured with an appropriate cuff after at least 5-min rest with the patient seated in an upright position. Three measurements were registered, and the average of the second and third measurements was used in the study.
Hypertension
Patients were classified with hypertension if the systolic blood pressure was ≥140 mmHg and/or the diastolic blood pressure ≥90 mmHg (14) or if blood-pressurelowering medication was used.
Dyslipidaemia
Patients were classified as having dyslipidaemia if lowdensity lipoprotein (LDL) cholesterol ≥ 2.6 mmol L À1 at study visit (15) or if lipid-lowering agents was used.
Non-alcoholic fatty liver disease
The non-alcoholic fatty liver disease (NAFLD) liver fat score was used to evaluate the presence of NAFLD (≥55.6 mg triglyceride per gram liver tissue or ≥5.56% of liver tissue weight) (16). The NAFLD liver fat score has been validated against magnetic resonance spectroscopy and yielded 86% sensitivity and 71% specificity in a population with obesity. The score was calculated using the following formula: 2.89 + 1.18 * metabolic syndrome (yes = 1/no = 0) + 0.45 * type 2 diabetes (yes = 2/no = 0) + 0.15 * fasting serum insulin (mU L À1 ) + 0.04 * fasting serum aspartate transaminase (U L À1 ) À 0.94 * aspartate transaminase/alanine aminotransferase.
The presence or absence of other obesity-related comorbidities such as coronary heart disease, type 2 diabetes, reflux disease, gout, gall bladder disease, asthma, joint pain, OSA and anxiety and/or depression was based on clinical outcome assessments in combination with clinical records, biomarkers and current use of medications.
Through a thorough conversation between the patient and the physician, time of obesity onset was agreed to be childhood onset (0-11 years), adolescent onset (12-20 years) or adult onset (>20 years). Almost all men (99.69%) and women (99.18%) suffered from one or more obesity-related comorbidities, and more men than women suffered from multiple (two or more) comorbidities (97.41% vs. 94.03%, p < 0.001). NAFLD was the most prevalent comorbidity among men (93.67%), followed by dyslipidaemia (81.82%) and hypertension (60.47%), while dyslipidaemia (81.12%), NAFLD (73.66%) and joint pain (61.07%) were the most prevalent comorbidities among women (Table 1) . Hypertension, type 2 diabetes, coronary heart disease, OSA and gout were more prevalent in men compared with women; while asthma, gall bladder disease and anxiety and/or depression were more prevalent among the female participants. The prevalence of joint pain and reflux did not significantly differ between genders.
Biochemical analysis
A total of 35.55% of the male population reported obesity onset in childhood, while 18.59% and 45.87% developed obesity in adolescence and adulthood, respectively ( Table 2) . Men who developed obesity as adults were significantly older (51.47 [10.10] (Table 5 ). However, after additional adjustments for WC, there was no significant association between time of obesity onset and type 2 diabetes (Table S1) . Adjustment for smoking, higher education, current employment and disability benefits did not significantly influence the results (data not shown).
There was a significant interaction between time of obesity onset and gender with regard to OSA (p < 0.01), and the reported estimates were not significantly influenced by additional adjustments for WC.
Discussion
In this cross-sectional study of 4,583 consecutive treatment-seeking men and women with severe obesity, childhood onset of obesity, as compared with adult onset of obesity, was associated with 82% higher odds of coronary heart disease among men and 25% higher odds of type 2 diabetes among women. Surprisingly, childhood onset of obesity was associated with 31% lower odds of OSA in men but 51% higher odds of OSA in women, and the interaction was statistically significant. One of the hypotheses of the present study was that earlier onset of obesity was associated with increased odds of comorbidities; however, this relationship was only evident for a limited number of comorbid disorders. Among men, onset of obesity in childhood was associated with higher odds of coronary heart disease compared with adult onset of obesity. In accordance with the results of the present study, previous studies have found childhood obesity to be related to earlier appearance of atherosclerotic lesions (17) and that longer duration of obesity is positively associated with risk of coronary heart disease (18). Of note, although earlier onset of obesity may imply longer duration of obesity, men and women with obesity onset in childhood in the current cohort were more than 10 years younger than those with obesity onset in adulthood. Also, the mean age of the participants with adult obesity onset was relatively low (52 and 49 years for men and women, respectively). Thus, the duration of obesity between those who had childhood, adolescent or adult onset of obesity did not necessarily substantially differ. This implies that the specific time of obesity onset, and not only the duration of obesity, may be important when estimating risk of comorbidities later in life. The non-significant association between time of obesity onset and odds of coronary heart disease among women may be a consequence of the very low prevalence (1.77%) of female participants having verified coronary heart disease. Heart disease is often under-recognized in women because of the differences Owing to missing values, the total number of participants varied for each of the following variables: higher education, n = 2,891; current employment, n = 2,916; disability benefits, n = 2,893; and current smoker, n = 3,165.
d College or university degree.
e Currently receiving disability benefits. Abbreviations: ALAT, alanine aminotransferase; ASAT, aspartate transaminase; BMI, body mass index; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; NAFLD, non-alcoholic fatty liver disease; SBP, systolic blood pressure; SD, standard deviation.
in clinical presentation and the misperception that women are protected against cardiovascular disease (19) . Women are consequently less likely to be referred for diagnostic procedures than are men; thus, the prevalence of coronary heart disease among women is possibly underestimated (19) . On the other hand, women with obesity onset in childhood had higher odds of type 2 diabetes than had women who had onset of obesity in adulthood, and this association was not observed among men. In accordance with the results of the present study, The et al. found obesity onset before the age of 16, as compared with obesity onset after 18 years of age, to be associated with increased odds of type 2 diabetes in women, but not in men (13) . The authors speculated that the association was a consequence of the changes in insulin sensitivity and increased insulin resistance during puberty, which is especially pronounced in women. However, the result should be interpreted with caution as the effect size was moderate and the p-value close to non-significant. Also, women with childhood onset of obesity had larger WC than had those with adult onset of obesity, and when including current WC in the multivariate model, there was no longer a significant association between time of obesity onset and type 2 diabetes.
Unexpectedly, men with childhood onset of obesity had lower odds of OSA than had men who developed obesity as adults, while women with childhood-onset obesity had increased odds of OSA than had women who developed obesity in adulthood. As visceral adipose tissue, and not subcutaneous abdominal adipose tissue, is associated with increased risk of OSA (20, 21) , differences in fat deposition between men and women across the lifespan may serve as an explanation to this interaction. Increasing adiposity in childhood is related to increased deposition of visceral fat (22) , but in women, during and after puberty, oestrogen influences fat storage in hips and thighs (23) . Thus, women who develop obesity during childhood years may gain more visceral fat than do women who develop obesity as adults. In contrast, visceral adipose tissue has been found to grow larger in men after age 12 as the influence of testosterone favours central deposition of fat (23) . Thus, in men, development of obesity after puberty may be especially unfavourable with respect to central adiposity.
In accordance with earlier studies of men and women with obesity (4, 7, 10) , almost all men and women in the present cohort suffered from one or more obesity-related comorbidities. The prevalence of NAFLD has been reported to exceed 90% in patients with severe obesity undergoing bariatric surgery (24) , and accordingly, the prevalence of NAFLD is 93.67% among men and 73.66% among women in the current study. However, the NAFLD liver fat score is only a surrogate marker of NAFLD, and there is a possibility that the prevalence has been overestimated owing to the low cut-off value for NAFLD diagnosis (≥55.6 mg triglyceride per gram liver tissue or ≥5.56% of liver tissue weight). Increased LDL cholesterol is an established causal risk factor for cardiovascular disease, and in the current study, dyslipidaemia (LDL cholesterol ≥ 2.6 mmol L À1 and/or use of lipidlowering agents) was the second most prevalent comorbidity among men (81.82%). Notably, serum levels of non-high-density-lipoprotein cholesterol, which contains all the atherogenic lipids and may be a superior marker for cardiovascular disease risk among men and women with obesity (25) , were also similar in men and women. The present results also confirm previous findings of comorbidities such as type 2 diabetes and hypertension, NAFLD, OSA and coronary heart disease being more common among men (7) (8) (9) , and anxiety and/or depression, asthma and gallbladder disease being more frequently observed among women (11) . A major strength of the present study is the large cohort of consecutively included treatment-seeking men and women with severe obesity. Also, this study is strengthened in that demographic data, obesity-related comorbidities and data on relevant current medication use were obtained in a clinical setting by a trained physician as opposed to patient-reported data only. This study does also have several limitations. First, the study participants were referred to a tertiary care centre for evaluation and treatment with bariatric surgery, medical therapy or long-term lifestyle rehabilitation for severe obesity; thus, the results cannot be generalized to the general population of men and women with obesity (i.e. non-treatmentseeking men and women). Second, the majority was of Caucasian ethnicity, and as such, the results may not be applicable to other ethnicities. Third, given the crosssectional design, conclusions on causality or causal directions between obesity and comorbidities cannot be made. Fourth, although medical history was retrieved in a clinical setting, we cannot exclude the possibility of recall bias especially with respect to time of obesity onset. However, previous studies have reported measured and recalled weights to be highly correlated, with men tending to slightly overestimate their earlier weight and women to underestimate it (26) (27) (28) (29) . Recalls of previous weights have also been found not to be significantly influenced by the passage of time, education or accuracy of current weight reports (28) . Fifth, as the patients did not go through extensive diagnostic procedures of all the obesity-related comorbidities such as sleep registrations or coronary angiography, prevalence of several comorbidities may be underestimated. Finally, there is always a risk of false-positive findings in studies including multiple outcome measures. The effect sizes should be taken into account when interpreting significance of associations, paying particular attention to associations with p-values < 0.01.
Conclusion
Early obesity onset was associated with increased odds of coronary heart disease in adult men and type 2 diabetes in adult women. Surprisingly, early obesity onset was associated with decreased odds of OSA in men and increased odds of OSA in women. If the results are confirmed, clinicians may use information on obesity debut to identify patients with severe obesity who should be screened for undiagnosed coronary heart disease, OSA and type 2 diabetes.
